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Introduction
Bladder carcinoma is a common malignant disease and it causes approximately 150,000 deaths per year worldwide [1] . In United States, bladder carcinoma is the fourth most commonly diagnosed cancer in men and eighth leading cause of cancer-related death [2] . It's has been well known that bladder carcinoma is a heterogeneous disease and 30% Zhang et 
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of patients have muscle-invasive disease and have bad prognosis [1] . Though many factors have been identified as risk factors of bladder carcinoma, such as age, smoking, diabetes, and obesity, the pathogenesis of bladder carcinoma is still not well understood [3] [4] [5] . Vitamin D is a main and important precursor to the potent steroid hormone calcitriol, and it has widespread and vital actions throughout the body [6, 7] . Previous studies have suggested that vitamin D is involved in the numerous cellular pathways and has some possibility of preventing cancer [7, 8] . Epidemiological studies have proven a beneficial role of vitamin D in preventing colorectal cancer and breast caner [9, 10] . 25-hydroxyvitamin D (25(OH)D) is the main existence form of vitamin D in human body. Previous studies have shown that 25(OH) D has antitumor activities by mediating cell differentiation and apoptosis, and inhibiting angiogenesis and metastasis [7] . Previous studies also have suggested that vitamin D can inhibit proliferation and induce apoptosis in human bladder tumor cells in vitro, and may have therapeutic potential in bladder cancer [11, 12] . Several epidemiological studies were published to assess the relationship between vitamin D status and bladder carcinoma risk, but failed to find consistent results [9, [13] [14] [15] [16] . Thus, vitamin D status in relation to bladder carcinoma risk was still unclear. This study was carried out to evaluate the relationship between vitamin D status and bladder carcinoma risk through a meta-analysis approach.
Materials and Methods
Search strategy and study selection Pubmed, Web of Science, CNKI, and Embase were searched systemically to find eligible studies on the relationship between vitamin D status and bladder carcinoma risk. The searching time was from the earliest available date to September 6, 2014. An updated literature was performed on April 16, 2015. We also searched unpublished data through Google Scholar. There was no language in our literature search. The following search terms were used: ("vitamin D" or "25-hydroxyvitamin D") and ("bladder cancer" or "bladder" or "bladder carcinoma"). The references of eligible studies or relevant reviews were also searched for other studies.
To be included into the meta-analysis, studies must meet the following criteria: (1) Cohort studies, nested case-control studies, or retrospective case-control studies; (2) The exposure of interest was intake of vitamin D or serum vitamin D levels; (3) The outcome of interest was bladder carcinoma incidence or mortality; (4) The study must report data to calculate risk estimates (Risk ratio [RR] , Relative risk [RR], or Odds ratio [OR] ) and their 95%CIs for bladder carcinoma. Studies using animal models, case-only studies, or reviews were all excluded. For studies with overlapping data, only the study with the largest data set was included.
Data extraction and quality assessment Data extraction was performed independently by two reviewers, and differences were resolved by consensus. We extracted the following data from each included study using standardized forms: first author name, publication year, study design, country of participants, mean age, gender, categories of vitamin D, and risk estimates according to vitamin D status. The methodological quality of the studies was assessed using the 9-star Newcastle-Ottawa Scale (NOS) for cohort studies [17] . According to the NOS scale, methodological quality of included studies in the meta-analysis was assessed according to three study components: selection of participants; comparability of participants; and ascertainment of outcomes. Studies with 6 or more stars were defined as high quality studies.
Statistical analysis
The RR with 95% CI of the lowest category of serum vitamin D level or vitamin D intake for bladder carcinoma compared with the highest category group were calculated for each study, and were then pooled using meta-analysis. The heterogeneity was assessed using both chi-squared test and I 2 method [18, 19] . When P value for chi-squared test was less than 0.10 or I 2 was more than 50%, there was obvious heterogeneity among those included studies, and random-effect model was used to pool data [20] . If there was no obvious heterogeneity among those included studies, a fixed-effect model was used to pool data Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry [21] . Subgroup analysis was performed by study design or study quality. Sensitivity analysis was performed by omitting one study by turns to test the changes of pooled RRs. Potential risk of publication bias was estimated by inspection of funnel plot. Publication bias was also assessed by Egger's test. Stata version 12 (Stata Corporation, USA) was used for statistical analyses.
Results

Literature search and study characteristics
A total of 156 individual abstracts for potential studies were identified through literature search. 147 abstracts were excluded because they were irrelevant to the current meta-analysis, and 9 studies were left and were assessed by reading full-text [13] [14] [15] [16] [22] [23] [24] [25] [26] . One study was excluded for lack of usable data [22] , and one was excluded for containing overlapping data [26] . Thus, seven studies met the inclusion criteria and were finally included into the meta-analysis [13] [14] [15] [16] [23] [24] [25] . Those 7 studies contained with a total of 62,141 participants, and were published from 2006 to 2013 [13] [14] [15] [16] [23] [24] [25] . Among those 7 studies, two were prospective cohort studies [13, 16] , two were nested case-control studies [14, 25] , and the other 3 studies were case-control studies [15, 23, 24] . All studies reported adjusted risk estimates, but the confounding factors were different among those studies [13] [14] [15] [16] [23] [24] [25] . Five studies assessed the relationship between serum vitamin D levels and bladder carcinoma risk [13] [14] [15] [16] 25] , and the other two studies assessed the relationship between dietary vitamin D intake and bladder carcinoma risk [23, 24] . According to NOS criteria, four studies had high quality [13, 14, 16, 25] , while the other 3 studies didn't have high quality [15, 23, 24] .
Meta-analysis
There was no heterogeneity among those seven included studies (I 2 = 0%, P = 0.53). So the fixed-effect model was used to pool data. The pooled RR of bladder carcinoma for the lowest category versus the highest category of vitamin D was 1.34 (95% CI 1.17-1.53, P < (Fig. 1) . Sensitivity analysis performed by omitting one study by turns showed all the pooled RRs were statistically significant. Meta-analysis of those 5 studies on serum vitamin D levels also showed that low serum vitamin D level was associated with increased risk of bladder carcinoma (RR = 1.32, 95%CI 1.15-1.52, P = 0.0001; I 2 = 0%) (Fig. 2) . Meta-analysis of those two studies on dietary vitamin D intake showed that low vitamin D intake was marginally associated with increased risk of bladder carcinoma (RR = 1.45, 95%CI 0.99-2.13, P = 0.05; I 2 = 0%). Subgroup analysis of studies with high quality showed that lowest vitamin D status was still associated with increased risk of bladder carcinoma (RR = 1.27, 95%CI 1.09-1.48, P = 0.002; I 2 = 0%). Subgroup analysis of studies without high quality showed that lowest vitamin D status was also associated with increased risk of bladder carcinoma (RR = 1.61, 95%CI 1.21-1.24, P = 0.001; I 2 = 0% ). Potential risk of publication bias was estimated by inspection of funnel plot, and the funnel plot for meta-analysis of total 7 studies didn't suggest possible risk of publication bias in the meta-analysis (Fig. 3) . In addition, the P value for Egger's test was more than 0.05, which showed no obvious risk of publication bias in the meta-analysis.
Discussion
There are accumulating results from epidemiological studies proving a beneficial role of vitamin D in preventing cancer risk [9, 10] . Several epidemiological studies were published to assess the relationship between vitamin D status and bladder carcinoma risk, but failed to find consistent results [9, [13] [14] [15] [16] . Currently, there is lack of good epidemiological evidence for the association between vitamin D deficiency and bladder carcinoma risk. We performed this meta-analysis to evaluate the relationship between vitamin D status and bladder carcinoma risk. Seven studies with a total of 62,141 participants met the inclusion criteria and were finally included into the meta-analysis [13] [14] [15] [16] [23] [24] [25] . The findings suggest low serum vitamin D level is associated with increased risk of bladder carcinoma (Fig. 1, Fig. 2) . Therefore, vitamin D deficiency is associated with increased risk of bladder carcinoma in present study.
This present meta-analysis is the first one on the association between vitamin D deficiency and bladder carcinoma risk. Though only 7 eligible studies were available and included into the meta-analysis, there was no between-study heterogeneity among those seven included studies (I 2 = 0%, P = 0.53), which could strengthen the evidence for the association between vitamin D deficiency and bladder carcinoma risk. In addition, subgroup analysis and sensitivity analysis further suggested that the pooled risk estimate of bladder carcinoma was consistent in the meta-analysis. Thus, the meta-analysis provided strong evidence for the association between vitamin D deficiency and bladder carcinoma risk.
Previous studies suggest that vitamin D can inhibit proliferation and induce apoptosis in human bladder tumor cells in vitro [11, 12, 27] . The findings from the meta-analysis provide strong epidemiological evidence for the important role of vitamin D in bladder carcinogenesis. There are several studies published to assess the role of vitamin D deficiency on the prognosis of cancer patients, and vitamin D deficiency may decrease the overall survival of cancer patients, such as colorectal cancer [28] . However, there is no study performed to assess the relation of vitamin D deficiency with prognosis of bladder carcinoma patients, and there is still lack of clinical evidence. Thus, further studies are needed to further assess the prognostic role of vitamin D deficiency in patients with bladder carcinoma.
25(OH)D is the main existence form of vitamin D in human body. Previous studies have shown that 25(OH)D has antitumor activities by mediating cell differentiation and apoptosis, and inhibiting angiogenesis and metastasis [7, 29, 30] . Previous studies have shown that vitamin D deficiency is associated with increased risk of cancers, such as lung cancer [31, 32] . Previous studies also have suggested that vitamin D can inhibit proliferation and induce apoptosis in human bladder tumor cells in vitro, and may have therapeutic potential in bladder cancer [11, 12] . Therefore, high level of vitamin D in human body has the effect of preventing or delaying the onset of bladder carcinoma. On the contrary, individuals with vitamin D deficiency thus have higher risk of bladder carcinoma. Some studies also have found that vitamin D receptor (VDR) are also involved in the function of vitamin D, but there is no relevant study to assess the roles of VDR in bladder cancer [33, 34] . Future studies may further investigate the roles of VDR in bladder cancer.
The findings in the meta-analysis may be interpreted with caution owing to several limitations. First, the definition criteria for vitamin D deficiency or low vitamin D status were obvious different between those included studies, which may decrease the accuracy of the pooled risk estimates. In addition, vitamin D deficiency may occur in several quartiles but many of the studies were of those in the lowest grouping, which may lead to certain risk of bias. More studies with strict definition of vitamin D deficiency are needed in the future. Second, there were only two studies with prospective cohort design, and four studies with high quality. To decrease risk of bias, more studies with prospective cohort design are needed. Finally, though the funnel plot for meta-analysis of total 7 studies didn't suggest possible risk of publication bias in the meta-analysis, the power to detect publication bias for funnel plot may decrease when there were only 7 studies. Thus, we were unable to exclude all possibility of publication bias in the meta-analysis.
In conclusion, this meta-analysis shows that vitamin D deficiency is associated with increased risk of bladder carcinoma, and it's a risk factor for bladder carcinoma. Further prospective cohort studies with large number of participants are needed to further assess the risk of bladder carcinoma in individuals with vitamin D deficiency. The prognostic role of vitamin D deficiency in bladder carcinoma is also interesting and needs future studies.
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